Method of potential optimization in magnetoelectrostatic plasma lenses by Butenko, V.I. & Ivanov, B.I.
122 Problems of Atomic Science and Technology. 2007, ? 1. Series: Plasma Physics (13), p. 122-123
METHOD OF POTENTIAL OPTIMIZATION
IN MAGNETOELECTROSTATIC PLASMA LENSES
V.I. Butenko, B.I. Ivanov
NSC “Kharkov Institute of Physics and Technology”, Kharkov, Ukraine,
e-mails: butenko@kipt.kharkov.ua, ivanovbi@kipt.kharkov.ua
In magnetoelectrostatic plasma lenses the strength and spatial distribution of the magnetic and electric fields were
optimized for maximum beam current density in the focal plane. Experimental implementation of the optimization is
difficult because it is necessary to control the electric field strength within the lens volume by measuring the electric
field in the plasma with sufficiently high precision. Here with the help of the computer model, it is proposed and tested
the method of determining optimum potential distribution on the reference electrodes, by sequential increasing of a
focused ion beam radius from zero to maximum value determined by the lens aperture.
PACS: 52.40.Mj
In [1] optimal spatial distributions of the electric and
magnetic fields were calculated which give maximal
density of the particles current in the focal plane of the
lens. In particular, at the near optimal potential
distribution, the ion trajectories have the view represented
on Fig. 1.
Fig. 1. Trajectories of  Ta+3 ions in a lens with the
potential distribution proportional to Bz
An experimental implementation of the calculated optimal
distribution is difficult because it is necessary to control
the distribution of the electric field strength within the
plasma lens volume with sufficiently high precision. For
the avoidance of these difficulties in this work it is
proposed and checked with the help of the computer
model the method of adjustment of optimal distribution of
the potentials on the reference electrodes by the way of
step-by-step focusing of the ion beam layers from smaller
radius to larger one. The relative position pattern of
magnetic lines of force and trajectories of ions being
focused drawn on Fig. 1 directly leads to the way.
Let us consider the Morozov plasma lens with 15
narrow electrodes assuming linear changing of the
potential between them (Fig. 2). The potential is
transferred by the magnetized plasma into the lens volume
in such way that the magnetic surfaces coincide with the
equipotential surfaces of the electric field. So the potential
of each point of the lens volume is governed by two
electrodes pairs. While moving through such lens the
focused ions penetrate from the region of zero potential
into the region of higher potential with depth of particle
penetration being in a monotone fashion related to the
initial radius. The more initial radius of the ion, the higher
maximal lens potential it achieves. This fact is
conditioned by a variety of reasons. Firstly, the electrodes
potential is in a monotone manner related to the distance
from the center of the lens. Secondly, magnetic surfaces
are nested; the current lines of a beam being focused
without aberrations have the same property. On Fig. 3 the
value of the potential along the trajectory is represented
for protons with various values of initial radius. An ion
with the certain initial radius is got into a region of
influence only those electrodes which potential is not
more than the maximal potential for given trajectory. On
the ground of this fact we propose the method of
experimental choice of the electrodes potentials.
Fig. 2. Distribution of the potential on the electrodes
surface
Fig. 3. The value of the potential along the protons
trajectory with energy 20 keV for various values of initial
radius R: 1) R = 2.3 cm, 2) R = 3.2 cm, 3) R = 4.0 cm,
4) R = 4.6 cm, 5) R = 5.1 cm, 6) R = 5.6 cm,
7) R = 6.0 cm
A wide plane collector with a thing central hole 3 is
placed into the focal plane (Fig. 4). Behind the hole
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cylindrical collector 4 is disposed to measure an ion
current density at the focus. First, outside couple of
electrodes is grounded and another ones are connected
together. They are supplied by a potential at which the
current of second collector is maximal. This potential is
kept on second pair of electrodes and the potential of the
rest electrodes is chosen by the same principle. On Fig. 5
the stages of the potentials fitting are represented for 15-
electrodes Morozov lens.
Fig. 4. Scheme of the proposed experiment
Fig. 5  Stages of fitting of the potentials for 15-electrodes
Morozov lens: 1) U1 - U7 = 1.50 kV;
2) U1 = 1.50 kV,  U2 - U7 = 2.91 kV; 3) U1 = 1.50 kV,
U2 = 2.91 kV, U3 = 4.27 kV, U4 - U7 = 5.62 kV;
4) U1 = 1.50 kV, U2 = 2.91 kV, U3 = 4.27 kV,
U4 = 5.62 kV, U5 - U7 = 7.00 kV; 5) U1 = 1.50 kV,
U2 = 2.91 kV, U3 = 4.27 kV, U4 = 5.62 kV, U5 = 7.00 kV,
U6 - U7 = 8.50 kV; 6) U1 = 1.50 kV,  U2 = 2.91 kV,
U3 = 4.27 kV, U4 = 5.62 kV, U5 = 7.00 kV, U6 = 8.50 kV,
U7 = 10.5 kV
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